Candida albicans (C. albicans) is a flora commonly found on the skin, urinary tract and gastrointestinal mucosa. In healthy people, the growth of these fungi is inhibited by the immune system and other microorganisms. However, if their immune system is compromised or weakened, C. albicans will be pathogenic, therefore leading to systemic infections [1] . A resistance mechanism of C. albicans to antifungal agents is biofilm formation [2] . Biofilm is a group of microorganisms attached to a surface which surrounds itself with a formed extracellular matrix. This formation enables the fungi that forms biofilms to withstand antibiotics, disinfectant, and even the host's immune system [3] . Candida biofilms may grow on the surface of the oral and vaginal mucosa or implants attached to the patient's body. These are such as joint prostheses, heart valves, and urinary catheters. Also outside the patient's body such as contact lenses and dentures [4] .
Red ginger (Zingiber officinale Roscoe var rubrum) has been cultivated due to its wide range of curative effects. It is known as an essential composition of Indonesian folk medicine called jamu [5a,5b] . Red ginger contains the highest essential oil among other variants of ginger planted in Indonesia such as Zingiber officinale Roscoe (common ginger) and Zingiber officinale var. amarum (white small ginger) [6] . There are two major compounds that can be isolated from the essential oil: sesquiterpenes and monoterpenes [7a,7b] . These plant-derived terpenoid compounds is known for their antimicrobial and anti-biofilm activity [8] .The essential oil of common ginger (Zingiber officinale Roscoe) is known for its antimicrobial and anti-biofilm activity against bacteria [9a, 9b, 9c , 9d] and fungi, especially C. albicans [9c, 9d, 10a, 10b, 10c]. The antimicrobial activity of red ginger essential oil against bacteria has also been reported in a previous study [5a] .To our knowledge, the anti-biofilm activity of red ginger essential oil against C. albicans has never been reported.
Biofilm plays an important role in the conversion of C. albicans as commensal microbes into the virulent pathogen. The biofilm forming cells are more difficult to treat and less sensitive to antibiotics treatment than the planktonic cells [4, 11] . The formation of biofilm leads to resistance to all antifungal classes, resulting in the only treatment being surgery, to remove the infected implants. This is done with a combination with high doses of antifungal drugs. Removal of implants such as artificial heart valves may increase the risks in the patient's condition and is not economical. Furthermore, the use of high-dose antifungal drugs can lead to liver and kidney damage [12] . To solve these problems, we need to explore potential plant-derived natural resources containing anti-bio film substances. Today, a number of essential oils have been recognized as alternative antimicrobial and anti-biofilm agent due to their virtues, such as the simplicity in extraction, selective mode of action and nontoxicity to tissue culture, rapid degradation in water and positive health impacts [11] . In this paper, we presented our work on red ginger essential oil.
In this study, to determine the compositions, we performed a chemical analysis of the essential oil obtained from red ginger rhizomes, through steam distillation method. It is planted in Aceh, Indonesia, using Gas Chromatography-Mass Spectrophotometry (GC-MS).We defined 18 bioactive substances from the essential oil, as shown in 1.8-cineole (15.1%), geranial (12%), neral (7.1%) and borneol (6.8%). Sesquiterpenes constituents were lower than monoterpenes, dominated by ar-curcumene (16.9%), β-sesquiphellandrene (6.8%) and β-bisabolene (6.4%).
The previous study of red ginger rhizome essential oil from Malaysia also revealed the high content of monoterpenes (81.9%). However, the research found a lower percentage of 1.8-cineole (5.0%), ar-curcumene (1.0%), limonene (2.5%), borneol (2.9%) and the absence of naphthalene and β-bisabolene. On the other hand, the study revealed higher percentage of geranial (14.3%) and geraniol (7.3%) [5a] . The study of chemical composition of ginger essential oil from India discovered the large amounts of monoterpenes with lower percentage of 1.8-cineole (10.9%) and higher percentage of geraniol (14.5%) [13] . Another study of ginger essential oil from Ecuador similarly revealed the high percentage of monoterpenes such as citral in contrast to the chemical compound commonly contained in the essential oil of ginger [14] . The composition of bioactive constituents in ginger essential oil may vary and can be determined by intrinsic factors such as soil type, climate, species or variant, maturity and harvest time. The extrinsic factors consist of methods of extraction and environment [7a, 7b] .
Our study also revealed the anti-biofilm activity of red ginger essential oil. The optimum biofilm formation was determined by incubating the C. albicans isolated into liquid medium in flatbottom polystyrene 96 wells microtiter flat wells (Figure 1 ). Then the crystal violet assay was used to determine the biofilm inhibition and degradation activity [15, 16] . The results regarding the antibiofilm activity is shown in Figure 2 It was discovered in this study that the optimal growth of biofilm of C. albicans occurred after a three-day incubation period (Figure 1 ). This period was divided into 3 stages: the initial stage (≈ 0-11 hours), advanced stage (≈ 12-30 hours) and maturation stage (≈ 30-72 hours). Each of them where characterized by an increase in Optical Density (OD) value. Optical Density showed the specific growth rate of microbes within the wells, escalated along with the biofilm maturation process [17, 18] .The decline of OD values on the fourth day exhibited the final stage of biofilm formation. This is the dispersion or release of planktonic cells to adhere to another surface [12] . Therefore, the number of colonies attached to the well wall were reduced and wasted in the washing process.
Inhibition and degradation assay of biofilm was also evaluated by using OD value. The OD value represents the indirect measurement of biofilm production through the absorption of crystal violet bound to the candida cells on the biofilm layer in the destaining solution (ethanol) [19] . It is hypothetically assumed that the lowest OD value indicates the strongest activity of essential oil concentration in inhibiting and degrading the biofilm. As shown in Figure 2 , the inhibition of biofilm formation by the essential oil of red ginger started from the concentration of 0.5% and continued to increase as its concentration increased (this was also indicated by a decrease in the OD value). Figure 3 shows that the biofilm degradation activity started to exhibit at the lowest concentration of essential oil (0.125%) and also increased along with the increase in concentration. Analysis of Variance (ANOVA) shows that the red ginger essential oil performed a statistically significant activity of inhibition and degradation of Candida albicans biofilm. Duncan's post hoc test results showed that the inhibition of Candida albicans bio film was obtained at concentration of 0.5% (p<0.01) and Candida albicans biofilm degradation was obtained at concentration of 0.125% (p<0.01). 
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The anti-biofilm effect of the essential oil of red ginger was supposed to be derived from the secondary metabolite compound i.e. terpenoids. The activity due to; geraniol, 1.8-cineole, linalool, and farnesol prevented the attenuation of C. albicans yeast cells by modifying the permeability of the cell wall, thus affecting the ability of yeast cell to adhere to a surface [20] . The adhesion stage of C. albicans will be followed by the colonization process and biofilm formation which will cause resistance to antifungals [1, 19] .Therefore, the adhesion prevention would inhibit the growth of biofilm. In addition, these compounds interfere with the hyphae formation by inhibiting the formation of germ tube fungal cells and by interfering it with Ras-camP signal path. The morphological changes of yeast cells into hyphae were an important stage in the biofilm growth process because hyphae acts as a support for the biofilm structure. Prevention of the conversion process would disrupt the biofilm structure [21] . The highest sesquiterpenes, arcurcumene, exhibited the antimicrobial activity against C. albicans and Saccharomyces cerevisiae. The mechanism of action is not completely understood but due to its hydrophobicity, this compound is able to distort the microbial cells membrane and cause leakage which leads to lysis of the cells [21] .
Experimental
Plant material and essential oil preparation: A red ginger Zingiber officinale Roscoe var rubrum) rhizomes were collected from local farmers in Pulo Kiton village, Bireun, Aceh, Indonesia (40° 54' -50° 21' N and 96° 20' -97° 21' E). The plant was identified and authenticated by Dr. Saida Rasnovi and then deposited in Herbarium Laboratory, Department of Biology, Faculty of Mathematics and Science, Syiah Kuala University. A total of 20 kg of fresh red ginger rhizomes aged 10-12 months were sun-dried and grinded into powder before it proceeded to be distilled. Separation of essential oil was done by steam distillation method. The essential oil was prepared in four different concentrations: 0.125%, 0.25%, 0.1%, and 1% (v/v). We used Dimethyl Sulfoxide (Merck) to dissolve the essential oil in water. The differed concentrations were based on Minimum Inhibitory Concentration of red ginger essential oil obtained in the previous unpublished study by Nadira et al (2015) .
GC-MS analysis:
The constituents of red ginger essential oil were analyzed using Shimadzu GCMS QP 2010 Plus. We used capillary column (Rtx-5 column) with the size 30 m × 0.25 mm, film thickness 0.25 μm. The carrier gas was Helium, at a flow rate of 1.61 mL min-1. The injection temperature was 200°C; split ratio 100. The detector temperature was 220°C; operating condition as follows: 60°C for 5 min and then increased to 110°C at the rate of 5°C min-1, then up to 170°C at the rate of 3°C min-1, again up to 220°C at the rate of 5°C min-1, at which the column was maintained for 3 min. The ionization energy was 70 eV. The constituents were identified by comparing the measured spectra to reference spectra recorded in mass spectral library namely NIST 27, NIST 147 and Wiley 7.
Anti-biofilm activity
Inoculum preparation: Candida albicans were obtained from the vaginal swab of a vaginal candidiasis patient and stored at the Microbiology Laboratory of the Faculty of Medicine Syiah Kuala University, Banda Aceh. The isolate was stored in Soboroud Dextrose Agar and Trypticase Soy Broth media at 4°C. Further identification was based on the macroscopic examination of the colony on the surface of Soboroud Dextrose Agar, followed by a series of microscopic evaluation through Potassium Hydroxide examination, Gram staining dan germ tube test. The inoculum was prepared as described in previous study [22] .
Biofilm production assay: Biofilm formation was performed using the modified microplate biofilm production assay [23] . A total of 50 μL of fungal suspension and 50 μL of Trypticase Soy Broth (TSB) medium were combined into 6 wells of flat-bottom polystyrene 96 wells microtiter flat wells (Greiner). The microplates were closed and incubated at 37°C for 24, 48, 72 and 96 hours. After incubation, the contents were removed and washed three times, using PBS solution. The wells were dripped with 200 μL of 1% crystal violet solution and incubated for 15 minutes at room temperature. The wells were then rewashed with PBS solution three times and dried at room temperature. A total of 200 μL, 96% of ethanol (Merck) were added to each well. All wells were then incubated for 15 minutes at room temperature and measured using IMark absorbance reader (BioRad) at 595 nm wavelength. The biofilm production assay results provided information on the optimum growth of C. albicans, used to precisely determine the time to add the essential oil in degradation assay.
Biofilm formation inhibitory assay:
This test was performed using a modified crystal violet assay [15, 24] . A total of 50 μL of fungal suspension and 50 μL of TSB medium were combined into a flatbottom polystyrene 96 wells microtiter plate, then 100 μL of each essential oil concentration were added into the test group microplate wells. The negative control was sterile broth (TSB media) and positive control was fungal suspension in TSB media without the addition of essential oil. The microplate was sealed using parafilm and then incubated for 24 hours at 37°C. After incubation, the suspension was removed and washed using 200 μL of PBS solution three times. The wells were dripped with 200 μL of 1% of crystal violet solution, incubated for 15 minutes at room temperature, then rewashed using PBS solution three times and dried at room temperature. A total of 200 μL 96% of ethanol was added to each well and incubated for 15 minutes at room temperature. The Optical Density (OD) measurement was then performed using microplate spectrophotometer at 595 nm wavelength. This assay was carried out in triplicate. The average and standard deviation were calculated for all replications.
Biofilm degradation assay:
This test was performed using the same method as the inhibitory assay above. The difference is the addition of red ginger essential oil on the third day of biofilm formation.
Statistical analysis:
The data obtained in this study were analyzed, using Analysis of Variance (ANOVA) test and Duncan test with Confidence Interval (CI) 99%.
Supplementary data: Result of chemical analysis, using GC-MS.
